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Abstract: Diagnosing arrhythmogenic right ventricular cardiomyopathy (ARVC) is often challenging because no sin-
gle diagnostic tool is available to detect the disease. We evaluated whether analysis of plakoglobin, N-cadherin, and 
connexin-43 immunoreactivity can be used as a significant test in diagnosis of ARVC. We selected subjects with 
suspicion of ARVC (n=22) in patients who underwent endomyocardial biopsy (EMB) in Kyungpook National Univer-
sity Hospital (n=1326). The patients (n=22) were classified into definite ARVC patients (n=17) and borderline ARVC 
(n=5). We selected control subjects (n=20) who were autopsied and died of non-cardiac disease. Hematoxylin-eosin, 
Masson’s trichrome, and immunohistochemical stains for plakoglobin, N-cadherin, and connexin-43 were used for 
all specimens. Reduced immunoreactivity of plakoglobin was observed in 13 (76%) of the 17 patients with a definite 
ARVC and in 4 (80%) of the 5 patients with a borderline ARVC. All subjects displayed no significant reduction of the 
immunoreactivity for connexin-43 as well as for N-cadherin. Our investigation revealed that the immunohistochemi-
cal analysis for plakoglobin had an accuracy of 81%, 76% sensitivity, and 84% specificity in diagnosis of ARVC. Re-
sults of our study showed that the immunohistochemical analysis of plakoglobin had a relatively high sensitivity and 
specificity in ARVC, but immunohistochemistry for plakoglobin alone could not be relied upon as a diagnostic test for 
ARVC. We confirmed that N-cadherin and connexin-43 had no diagnostic value in ARVC.
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Introduction

Arrhythmogenic right ventricular cardiomyopa-
thy (ARVC) is an unusual myocardial disorder, 
which is pathologically characterized by pro-
gressive right ventricular myocyte atrophy and 
fibrofatty replacement [1-5]. Since the first writ-
ten description of ARVC with its detailed clinical 
presentation in 1982 [1, 2], a number of stud-
ies have been dedicated to our understanding 
of the disorder. The clinical presentation of 
ARVC usually includes palpitations, dizziness, 
syncope, or sudden death during the second to 
fifth decade of life [1-7].

ARVC has no definite pathognomonic charac-
teristics and is considered as a syndrome dis-
ease. The revised criteria, proposed by an 

International ARVC Task Force (TF), appear to 
be widely accepted in the diagnosis of ARVC. It 
was established that ARVC was associated with 
the gene mutations of most desmosomal pro-
teins and also some extra-desmosomal pro-
teins [1]. A recent study of cardiac desmosomal 
protein revealed that a reduced level of plako-
globin signal has been observed in patients 
with ARVC [8]. Asimaki et al [9]. observed a 
reduction of plakoglobin-immunoreactive myo-
cytes at intercalated disks in patients with 
ARVC and suggested that the immunohisto-
chemistry for plakoglobin could be a sensitive 
and specific diagnostic tool for ARVC.

Additional studies were required to confirm the 
diagnostic significance of the immunohisto-
chemistry for various candidates including des-
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mosomal and non-desmosomal proteins. Thus, 
we evaluated the immunoreactivity of plakoglo-
bin, N-cadherin, and connexin-43 in endomyo-
cardial biopsy (EMB) specimens which obtained 
from patients with suspicion of ARVC to deter-
mine whether immunohistochemistry for des-
mosomal and non-desmosomal proteins prov-
es to be an excellent diagnostic tool.

Materials and methods

Selection of patients and control subjects

Clinical information was gathered from avail-
able documents for all patients who underwent 
EMB in the Department of Internal Medicine, 
Kyungpook National University Hospital, from 
2000 to 2013 (n=1326). We selected patients 
with suspicion of ARVC (n=22). Through the 
evaluation of data, experienced cardiologists 
classified the patients as fulfilling or not fulfill-
ing the revised Task Force Criteria [10]. Patients 
(n=22) were classified into two groups. The first 
group (n=17) of definite ARVC patients consist-
ed of 10 men and 7 women and were between 
ages 17 and 69 years. The second group (n=5) 
of borderline ARVC consisted of 3 men and 2 
women and were between 19 and 65 years of 
age. Additionally, the third group (n=20) as the 
control with no clinical or pathological evidence 
of heart disorder was composed of 20 subjects 
(13 men and 7 women, aged 24 to 53 years) 
who died of non-cardiac disease and were 
autopsied by pathologists in the Department of 
Forensic Medicine, Kyungpook National Univer-
sity. In the patient group (n=22), two to three 
biopsies done on average per catheterization 
through femoral approach and the right side of 
the interventricular septum was selected as 
the biopsy site to avoid critical complication. In 
the control group (n=20), we obtained speci-
mens from the right side of the interventricular 
septum at autopsy, performing two EMBs in 
vitro with bioptome.

Histopathological examination

All cardiac tissues, obtained from in vivo or in 
vitro EMB, were 10% phosphate-buffered, for-
malin-fixed, and paraffin-embedded. The tis-
sues were processed, cut at a thickness of 4 
μm, stained with hematoxylin-eosin and Mas-
son’s trichrome, and evaluated by light micros-
copy. The histological demonstration of fibro-
fatty replacement and cardiomyopathic chan- 
ges of the myocytes were performed by experi-
enced pathologists.

Immunohistochemical stain

All cardiac tissues were cut at a thickness of 4 
μm, placed on Probe on Plus microscope slides 
(Fisher Scientific), and stained as per the fol-
lowing procedure. The Benchmark XT automat-
ed immunohistochemistry stainer (Ventana 
Medical Systems, Inc., Tucson, AZ, USA) was 
used. Detection of immunoreactivity was per-
formed using the Ventana Ultraview DAB Kit 
(Ventana Medical Systems). EZ Prep solution 
was used for deparaffinization of sections. For 
antigen retrieval, CC1 standard (pH8.4 buffer 
contained Tris/Borate/EDTA) was used for 60 
min at 100°C. DAB inhibitor (3% H2O2, Endogen-
ous peroxidase) was blocked for 4 min at 37°C. 
Sections were incubated with antibodies con-
nexin-43 (Cell signaling, 3 Trask Lane Danvers, 
MA 01923, 1:100), N-cadherin (Dako, Produ-
ktionsvej 42 DK-2600 Glostrup, Denmark, 
1:100), and plakoglobin (or γ-catenin) (Cell sig-
naling, 3 Trask Lane, Danvers, MA 01923, 
1:100) for 32 min at 37°C, and then a second-
ary antibody of Universal HRP Multimer was 
added for 8 min at 37°C. DAB+H2O2 substrate 
was added for 8 min followed by hematoxylin 
and bluing reagent counter stain at 37°C. 
Reaction buffer (pH7.6 Tris buffer) was used as 
the washing solution. The slides which were 
mounted after staining were observed by expe-
rienced pathologists.

The immunoreactivity was quantified in the his-
topathologically normal portion of the myocar-
dium. Our study defined a reduction of immuno-
reactivity for plakoglobin, N-cadherin, and 
connexin-43 as a >50% decrease of the immu-
nostained portion in either intensity or distribu-
tion when compared to the control subjects. 
Two experienced pathologists, blind to clinical 
information, independently evaluated all the 
subjects.

Based on the definite ARVC, the accuracy, sen-
sitivity, specificity, and negative and positive 
predictive values of immunohistochemistry for 
plakoglobin, N-cadherin, and connexin-43 were 
evaluated.

Results

In our study, the most common symptom of 
definite ARVC patients was palpitation followed 
by syncope, presyncope, and cardiac arrest. 
There was no symptom in two cases of definite 
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ARVC. The histological finding of definite ARVC 
patients (n=17) included no significant patho-
logical change (four cases), fatty replacement 
(nine cases), and fibrofatty replacement (four 
cases). The clinical presentation of borderline 
ARVC patients (n=5) included no symptom 
(three cases), chest pain (one case), and palpi-
tation and chest discomfort (one case). Four 
cases of borderline ARVC showed fatty replace-
ment. One case of borderline ARVC had no sig-
nificant pathological finding. There was no fibro-
fatty replacement in borderline ARVC patients. 

Of the 17 patients with a definite ARVC, 13 
(76%) displayed a reduced immunoreactivity 
for plakoglobin. Of the 5 patients with a border-
line ARVC, the immunoreactivity for plakoglobin 
was diminished in 4 (80%). In all control sub-
jects (n=20), no reduction of the immunoreac-
tivity for plakoglobin was found. All subjects 
including control group displayed no reduction 
of the immunoreactivity for connexin-43 as well 
as N-cadherin. The two independent observers 
were in agreement in all the evaluated biop- 
sies.

Table 1. Clinical and pathological characteristics and immunoreactivity for plakoglobin of Subjects 
with definite and borderline ARVC

Case No. (sex/age) Symptom Revised Task 
Force Criteria

Immuno-reactivi-
ty for plakoglobin Pathological findings

Definite ARVC
    1 (F/58) Palpitation 3 major+1 minor Reduced Fatty replacement
    2 (M/32) Palpitation, syncope 1 major+2 minor Reduced Absence
    3 (F/65) Chest pain 1 major+2 minor Reduced Fatty replacement
    4 (M/42) Palpitation 1 major+2 minor Normal Fatty replacement
    5 (M/50) Palpitation 1 major+2 minor Reduced Fatty replacement
    6 (F/52) Absence 3 major Reduced Fibrofatty replacement
    7 (F/48) syncope 2 major+1 minor Reduced Fatty replacement
    8 (M/55) Palpitation 1 major+2 minor Normal Fatty replacement
    9 (F/32) Presyncope, palpitation 2 major+1 minor Reduced Fatty replacement
    10 (F/52) Syncope 2 major Reduced Fatty replacement
    11 (M/41) Palpitation 2 major+1 minor Reduced Fibrofatty replacement
    12 (M/49) Cardiac arrest 3 major Reduced Absence
    13 (M/17) Absence 1 major+2 minor Reduced Absence
    14 (M/51) Palpitation 2 major+1 minor Normal Fatty replacement
    15 (M/19) Syncope 1 major+2 minor Reduced Absence
    16 (F/69) Palpitation 1 major+2 minor Reduced Fibrofatty replacement
    17 (M/30) Absence 2 major+1 minor Normal Fibrofatty replacement
Borderline ARVC
    18 (M/19) Absence 1 major+1 minor Reduced Fatty replacement
    19 (M/65) Absence 1 major Normal Absence
    20 (F/53) Absence 1 major+1 minor Reduced Fatty replacement
    21 (F/35) Chest discomfort, palpitation 1 major+1 minor Reduced Fatty replacement
    22 (M/44) Chest pain 1 major+1 minor Reduced Fatty replacement
ARVC, arrhythmogenic right ventricular cardiomyopathy; Normal, no significant reduction.

Table 2. Immunohistochemical data

Subject group
Reduction of immunoreactivity

Plakoglobin N-cadherin Connexin-43
Definite ARVC (n=17) 13 (76%) 0 (0%) 0 (0%)
Borderline ARVC (n=5) 4 (80%) 0 (0%) 0 (0%)
Normal (n=20) 0 (0%) 0 (0%) 0 (0%)
ARVC, arrhythmogenic right ventricular cardiomyopathy.
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Table 1 gives the details of clinical and histo-
logical characteristics and immunoreactivity for 
plakoglobin of subjects with definite and bor-
derline ARVC. The immunohistochemical data 
are summarized in Table 2. The most represen-
tative pictures with immunohistochemical find-
ings for plakoglobin, connexin-43, and N-cad-
herin in patients and controls are shown in 
Figure 1. Trichrome-stained images from defi-
nite ARVC patients with fibrofatty replacement 
are displayed in Figure 2.

The accuracy of immunohistochemical analysis 
for plakoglobin was 81% for diagnosing ARVC 

based on the definite ARVC diagnosis. Sensi-
tivity and specificity were 76% and 84%, respec-
tively. Positive and negative predictive values 
were 76% and 84%, respectively.

Discussion 

It is often challenging to diagnose ARVC 
because the disorder has a highly variable clini-
cal presentation and no single diagnostic tool 
to clearly identify the disease is available. 
Fibrofatty replacement, which is well known as 
the microscopic finding of ARVC, is usually not 
found in conventional EMB because the signifi-

Figure 1. Representative immunohistochemical findings for plakoglobin, N-cadherin, and connexin-43 in endomyo-
cardial biopsy samples (200x magnification). (A-C) A control subject; no reduction of immunoreactivity for plako-
globin (A), N-cadherin (B), and connexin-43 (C), (D-F) A patient with borderline ARVC (case No. 22); reduction of 
immunoreactivity for plakoglobin (D) and no reduction of immunoreactivity for N-cadherin (E) and connexin-43 (F), 
(G-I) A patient with definite ARVC (case No. 9); reduction of immunoreactivity for plakoglobin (G) and no reduction of 
immunoreactivity for N-cadherin (H) and connexin-43 (I). 
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cant pathological change tends to spare the 
subendocardium and gets involved segmental-
ly. In addition, the significant change tends to 
be distinct in relatively the advanced stage of 
ARVC and be not well observed in its early 
stage. The microscopic finding is also not 
pathognomonic for ARVC because it could be 
pathologically observed in patients with the 
disorder other than ARVC [11, 12]. Therefore, 
EMB with relatively low sensitivity in the diagno-
sis of ARVC is not routinely recommended even 
though a group of experts recently emphasized 
that the histopathological findings from EMB, 
which is obtained in the appropriate site of right 
ventricle, may be diagnostic of ARVC [13].

To overcome these limitations of the conven-
tional EMB, research has been undertaken to 
find a new diagnostic tool with highly sensitivity 
and specificity for the diagnosis of ARVC. Many 
genetic studies have suggested a relationship 
of various cardiac junction molecules in the 
development of ARVC. The candidates included 

plakoglobin (or gamma-catenin), which is a 
component of desmosomal proteins that con-
nects adhesion molecules at intercalate disk to 
the cytoskeleton; connexin-43, which is a major 
ventricular gap-junction protein; and N-cad-
herin, which is one of classical and nondesmo-
somal adhesion junction molecule, and so on.1 
Multiple genetic studies of ARVC have been 
undertaken and presented as the basis for the 
pathogenic models that posit that desmosomal 
dysfunction may cause ARVC and especially 
the plakoglobin redistribution may play an imp-
ortant role in the common pathway of ARVC deve- 
lopment, regardless of the mutation [14-16].

On the basis the pathogenic model of ARVC, 
Asimaki et al. and Munkholm et al. evaluated 
the clinical usefulness of quantitative immuno-
histochemical myocardial analysis of plakoglo-
bin as a diagnostic tool for ARVC [9, 17]. Both 
reports indicated that immunohistochemistry 
for plakoglobin appeared to possess high sen-
sitivity in the diagnosis of ARVC. The results of 

Figure 2. Histopathological findings with fibrofatty replacements in interventricular septal endomyocardial biopsy 
samples (Masson’s trichrome stain, 200x magnification). A: Case No. 6, B: Case No. 11, C: Case No. 16, D: Case 
No. 17. 
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Munkholm et al. showed that a rate of false-
negative samples was greater than that report-
ed by Asimaki et al. [9, 17]. Contrary to the 
results of Asimaki et al. indicating immunohis-
tochemical analysis for plakoglobin as an excel-
lent test in diagnosis of ARVC, Munkholm et al. 
reported that it was slightly insufficient as a 
diagnostic test. In addition, a recent autopsy 
study suggested that the immunohistochemis-
try for junctional proteins including desmosom-
al proteins (plakoglobin, desmoplakin and pla-
kophilin), connexin-43, and N-cadherin was not 
useful in the diagnosis of ARVC [18]. In our 
study, a diminished immunoreactivity for plako-
globin was observed in 13 of the 17 patients 
with a definite diagnosis of ARVC and in 4 of the 
5 patients with a borderline ARVC. The immuno-
histochemical analysis for plakoglobin also was 
found to have an accuracy of 81%, 76% sensi-
tivity, and 84% specificity in diagnosis of ARVC, 
similar to the result reported by Asimaki et al. 
The results of our investigation showed that the 
ancillary application of immunohistochemistry 
for plakoglobin may provide available aid to the 
diagnosis of ARVC. However, we don’t recom-
mend the use of this test alone in diagnosing 
definitive ARVC because determining whether 
the lesion is ARVC cannot be made with confi-
dence. Considered together with the results 
from previous reports [9, 17], the results of our 
study suggest that a reduction of plakoglobin 
immunoreactivity is a usual and useful feature 
in the diagnosis of ARVC, but is unlikely to be an 
independent diagnostic option. Our investiga-
tion also revealed that immunoreactivity for 
N-cadherin and connexin-43 had no significant 
change in all subjects with ARVC and immuno-
histochemical analysis for N-cadherin and con-
nexin-43 had no diagnostic value in ARVC.

EMBs at right ventricle free wall are recom-
mended to assess histopathologic change in 
patient with suspicion of ARVC. However, many 
physicians thoroughly familiar with the EMB 
procedure as well as inexperienced individuals 
practically select interventricular septum as 
preferred anatomical site for the biopsy to avoid 
complication. Although many reports identified 
that EMB-related cardiac perforation was rare, 
we cannot fault the cardiologists who practi-
cally choose interventricular septum as biopsy 
area for safety because the perforation devel-
oped in right ventricle free wall can lead to a 
fatal outcome. Basso et al. [19] suggested that 
either septal or left ventricular EMB had no 

diagnostic value. Based on their result, the 
revised criteria included fibrous replacement of 
only right ventricular free wall myocardium, and 
not interventricular septum and left ventricular 
wall [19]. It was different from original TF crite-
ria, which did not define a specific site. The 
revised criteria were not directly applicable to 
our cases because all specimens included in 
the present study were of septal origin.

Is a septal EMB useless in the diagnosis of 
ARVC? Exactly what is the task of septal EMB in 
the diagnosis of ARVC? Septal EMB may allow 
pathologist and cardiologist to rule out some 
consideration and generate a reasonable dif-
ferential diagnosis. Involvement of the left ven-
tricle and left-dominant arrhythmogenic cardio-
myopathy can also develop even though ARVC 
generally presents with a predominant involve-
ment of the right ventricle in most cases [1, 18, 
20]. Fibrofatty replacement of interventricular 
septum in patients with suspicion of ARVC was 
reported in many studies of EMB or autopsy [9, 
17, 18]. Our study also revealed that EMB 
obtained from interventricular septum had 
fibrofatty replacement in 4 of 17 definite ARVC 
patients and a reduced immunoreactivity for 
plakoglobin in 3 of 4 patients with fibrofatty 
replacement. A diminished immunoreactivity 
for plakoglobin was also observed in 76% of the 
patients with definite ARVC. Like these, EMB, 
which was obtained from interventricular sep-
tum, also could be helpful in diagnosis of ARVC, 
depending on the clinical situation. This may be 
particularly true when ancillary techniques 
such as genetic analysis or immunohistochem-
istry for plakoglobin are applied. On the basis of 
these findings, we suggest that EMB from the 
left ventricular and interventricular septum as 
well as right ventricular free wall should be 
regarded as the criterion to evaluate tissue 
characterization in the diagnosis of ARVC.

Our study has some limitations. First, we did 
not perform genetic testing. Gene testing for 
variable candidates has been considered as an 
excellent diagnostic tool due to significant iden-
tification of gene mutation in approximately 
50% of affected individuals in the United 
States, although lack of an identifiable muta-
tion could not completely rule out ARVC [10, 
21]. Second, our study has the small number of 
tissue samples, not including various pheno-
copies such as right ventricular outflow tract 
tachycardia, dilated cardiomyopathy, Takotsubo 
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cardiomyopathy, and so on. Finally, immunohis-
tochemical analysis of our cases was semi-
quantitatively performed, different from a pre-
vious report with the result which was 
quantitatively calculated using computed mor-
phometry [18].

In conclusion, we identified that the immuno-
histochemical analysis for plakoglobin had a 
relatively high sensitivity and specificity in 
ARVC. However, immunohistochemical analysis 
of plakoglobin was slightly insufficient to be an 
independent diagnostic test for the diagnosis 
of ARVC and a multifaceted approach to patient 
evaluation should be performed. Our investiga-
tion found that N-cadherin and connexin-43 
had no diagnostic value in ARVC. We also sug-
gest that EMB from the left ventricular and 
interventricular septum, which are excluded in 
the revised criteria, should be considered to be 
in the evaluation of tissue characterization of 
the subject in the diagnosis of ARVC.
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